Study Objectives: Daytime sleepiness is associated with poor daytime functioning and adverse cognitive and emotional consequences, such as impaired decision-making and increased impulsivity. Little is known about the association between daytime sleepiness and suicidal behaviors. This study examined the prospective relationship between daytime sleepiness and suicidal behaviors, including suicidal thought (ST), suicide plan (SP), and suicide attempt (SA), in a large sample of adolescents.
Introduction
Suicidal behaviors among young people are prevalent [1] . Epidemiological studies demonstrated that 6% to 26% of adolescents reported having serious suicidal ideation during the past year [2] [3] [4] [5] and 2% to 15% had attempted suicide or afflicted self-harm [1, 2, [5] [6] [7] . Although most suicidal behaviors are low in lethality, they are associated with clinical and functional impairments and are a significant predictor of future suicide attempts (SAs) and suicide [1, 6] . It is paramount to identify modifiable risk factors to develop effective intervention programs for youth suicide prevention.
Adolescents experience significant sleep changes and sleep problems due to the interaction of endogenous circadian rhythms, pubertal development, modern lifestyles, and social obligations (such as early school starts) [8, 9] . Insufficient sleep, irregular sleep patterns, and daytime sleepiness (i.e. tendency to doze off or to fall asleep, also known as "increased sleep propensity during the day") are prevalent in adolescents. A number of sleep epidemiological studies indicate that most adolescents in the world sleep fewer than 8 hr per night on weekdays [8, 10] , 10%-20% of adolescents have difficulty initiating sleep [10] [11] [12] , and 20%-40% report excessive daytime sleepiness [10, 13] . Insufficient sleep, sleep disturbance, and excessive daytime sleepiness are associated with increased risk for functional impairment, mental health problems, injuries, accidents, and substance abuse [8, 14, 15] .
Growing evidence demonstrates that sleep problems increase risks of suicidal behaviors [16] [17] [18] . Although most existing studies have focused on the associations of suicidal behaviors with generalized sleep problems such as sleep disturbance, insomnia, and short sleep duration [17] [18] [19] [20] , recent studies suggest that compared with short nighttime sleep duration, daytime sleepiness is more strongly associated with poor daytime functioning [21] [22] [23] . In a study of Korean adolescents, the authors found that the association between insufficient sleep and depression is mediated by excessive daytime sleepiness [24] . Daytime sleepiness can cause disrupted sleepwake cycles and circadian misalignment [8] , both of which lead to adverse cognitive and emotional consequences such as poor judgment, impaired decision-making, affective dysregulation, and increased impulsivity [8, 21] . Both daytime sleepiness and suicidal behavior are linked to reduced concentrations or activities of serotonin and blunted hypothalamic-pituitaryadrenal axis activity [25, 26] . A recent survey of 538 adolescent students found a significant positive association between daytime sleepiness and suicidal ideation [27] . These findings all suggest that daytime sleepiness may be a significant predictor of suicidal behavior; however, to the best of our knowledge, no studies have specifically examined the prospective association between daytime sleepiness and suicidal behavior in the general adolescent population.
To address this data gap, we conducted the current longitudinal study with a large sample of community adolescents in China (n = 7072). Our first aim was to examine if daytime sleepiness at baseline could predict subsequent suicidal behaviors including ST, suicide plan (SP), and SA. Our second aim was to examine if daytime sleepiness at baseline was an independent predictor of suicidal behaviors after adjusting for adolescent and family demographics and mental health problems (e.g. anxiety, depression, hopelessness, and impulsiveness) [28, 29] . Our third aim was to examine if daytime sleepiness at baseline was a significant predictor of suicidal behaviors after adjusting for adolescent and family demographics and mental health problems plus sleep-related variables (i.e. insomnia, nighttime sleep duration, and snoring), which are associated with both suicidal behavior and daytime sleepiness [17, 18, 30, 31] .
Methods

Participants and procedure
Shandong Adolescent Behavior and Health Cohort (SABHC) is an ongoing longitudinal study of adolescent behavior and health in Shandong, China. A total of 11 831 adolescent students participated in the SABHC baseline survey, and detailed sampling and data collection have been published elsewhere [5, 32] . In brief, participants were sampled from five middle and three high schools in three counties of Shandong, with considerations of representativeness of the schools across the counties, prior study collaboration, convenience, and budget for at least three waves of data collection. The study was approved by the research ethics committee of Shandong University School of Public Health. We obtained permission to conduct the study from all the target schools and got informed consent from participants in the target classes before conducting the survey.
The baseline survey was conducted among 7th-11th graders in November-December of 2015 (n = 11 831) [5, 30, 32] . All 7th, 8th, and 10th graders at baseline (n = 8629) were resurveyed 1 year later. According to our study design, 9th and 11th graders were not followed up because they were preparing for high school and college entrance exams, respectively. A selfadministered, structured adolescent health questionnaire (AHQ) was used to assess suicidal behaviors, sleep, mental health, and psychosocial factors [12, 19, 28, 33] . Trained school health workers from the County Center for Disease Control and Prevention and MPH students administered the AHQ to participants in their classrooms during regular school hours. Before filling out the questionnaire, participants were instructed to read the instructions carefully and were informed that the survey was anonymous, their responses were blind to teachers, and their participation was voluntary without any penalties for nonparticipation. It took about 50 min to complete the survey.
Measures
Suicidal behaviors
Following Silverman et al. [34] , suicidal behaviors include ST, SP, and SA. Lifetime ST was defined as a "yes" response to the question: "Have you ever seriously thought about suicide or killing yourself?" It should be noted that ST in the current study represents a serious thought about suicide as opposed to passive suicidal ideation. Lifetime SP was defined as a "yes" response to the question: "Have you ever had a specific plan for how you would kill yourself?" Lifetime SA was defined as a "yes" response to the question: "Have you ever in your whole life tried to kill yourself?" Similar questions were used to ask about suicidal behaviors that happened during the past year: "Did you seriously think about suicide or killing yourself?", "Did you have a specific plan for how you would kill yourself?", and "Did you try to kill yourself?" Daytime sleepiness at baseline The Chinese adolescent daytime sleepiness scale (CADSS) was used to assess daytime sleepiness [30] . The CADSS consists of seven questions that ask about adolescents' general feeling of drowsiness and dozing off at different situations during the daytime in the past month. Example items are "During the past month, how often would you say you feel sleepy during the day?" "During the past month, how often would you say you have dozed off in the morning classes?" All seven items are rated on a Likert scale from 1 = Never to 5 = Almost every day. Summing up the scores of the seven items yields a total CADSS score, ranging from 7 to 35. A higher total score of the CADSS indicates a greater daytime sleepiness during the past month. The CADSS has satisfactory psychometric properties [30] . The Cronbach alpha with the current sample was 0.89.
Sleep duration and sleep problems at baseline
There are a set of items to elicit information about nighttime sleep duration and sleep problems during the past month in the AHQ [12, 35, 36] . Sleep duration was asked with the question "On an average school day, how many hours of actual sleep did you get at night?" Insomnia symptoms were asked with the questions "During the past month, how often would you say you had trouble falling asleep (Difficulty initiating sleep, DIS)? you woke up frequently during the night (Difficulty maintaining sleep, DMS)? and you woke up very early and could not get back to sleep (Early morning awakening, EMA)?" Snoring was asked with the question "During the past month, how often would you say you snore loudly?" Each question was answered with a choice of never, <1 time/week, 1-2 times/week, 3-5 times/week, or 6-7 times/week. Insomnia was defined as any of the three insomnia symptoms (DIS, DMS, and EMA) with a response of at least 3 times/week.
Anxious/depressive symptoms
The Chinese Youth Self-Report (YSR) of Achenbach's Child Behavior Checklist was used to measure anxious/depressive symptoms at baseline [37, 38] . The YSR anxious/depressed subscale consists of 16 items that are rated on a 3-point scale: "0" = not true, "1" = somewhat or sometimes true, and "2" = very true or often true. The Cronbach alpha with the present sample was 0.88 for the subscale. For the study, two items concerning suicidal behaviors were dropped when calculating the subscale score.
Impulsiveness
The Eysenck I7 impulsiveness scale was used to assess adolescent's impulsivity at baseline [39] . The scale is composed of 19 items with a modified response format from 1 = never or rarely, 2 = sometimes, 3 = often, to 4 = always. Example items are "Do you often get into trouble because you do things without thinking?" and "Are you an impulsive person?" The Cronbach alpha was 0.92 with the current sample.
Hopelessness
The Beck Hopelessness Scale is a 20-item, true-or-false, selfreport scale designed to assess negative expectancies about future [40] . It is scored by summing the keyed responses of pessimism across the 20 items. The Cronbach alpha was 0.74 with the current sample.
Adolescent and family demographical factors
Adolescent factors included age, gender, ever smoking a cigarette, ever drinking alcohol, and the school they attended. Family factors included father education (Primary school, middle school, high school, college, or above), father occupation (farmer or nonfarmer), family history of suicide or attempt (yes or no), self-reported family economic status (very good, good, fair, poor, or very poor), and interparental relationship (very good, good, fair, poor, very poor, or separated/divorced).
Statistical analysis
Primary statistical analyses were performed for those participants who did not report a history of any suicidal behaviors at baseline (N = 5451). Mean (SD) and frequency were used for descriptive statistics. Chi-square tests for categorical variables and Student t tests for continuous variables were performed to examine the differences in baseline sample characteristics between suicidal and nonsuicidal adolescents at 1 year follow-up. We computed correlation coefficients of daytime sleepiness score at baseline with continuous covariates using Pearson product-moment correlation and with rank-order covariates using Spearman's correlation to examine the associations between baseline covariates and daytime sleepiness.
To facilitate interpretation of our findings from logistic regressions, daytime sleepiness at baseline was categorized into four levels using the quartiles of the CADSS score: low (<10), medium (10-15), high (16) (17) (18) (19) (20) , and very high (≥21). Threestage logistic regression models were conducted to evaluate the effects of daytime sleepiness on incident suicidal behaviors. In Model 1, we examined the univariate associations between daytime sleepiness and incident suicidal behaviors. In Model 2, we examined the associations between daytime sleepiness and incident suicidal behaviors after adjusting for the effects of baseline adolescent and family demographic and mental health covariates. In Model 3, we added sleep-related variables (i.e. insomnia, sleep duration, and snoring) to Model 2 to examine the independent effects of daytime sleepiness at baseline on incident suicidal behaviors from insomnia, sleep duration, and snoring in addition to other baseline adolescent and family covariates. Stratified logistic regression and interaction analyses were performed to examine the effects of daytime sleepiness at baseline on incident suicidal behaviors by gender.
Sensitivity analyses were conducted for all participants who were resurveyed 1 year later (N = 7072). In the sensitivity analyses, suicidal behaviors included recurrent and new ST, SP, and SA at the 1 year follow-up. Like primary analyses, 3-stage logistic regressions (Models 1-3) were conducted to evaluate the effects of daytime sleepiness at baseline on suicidal behaviors. In Models 2 and 3, history of suicidal behavior (yes or no) was added as covariate to adjust for the effects of prior suicidal behaviors.
All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 23.0 (IBM Corp, Armonk, NY).
Results
Among 8629 7th-8th graders and 10th graders who participated in the baseline survey, 7072 (82.0%) were resurveyed at the 1 year follow-up. The primary reason for loss to follow-up was that some participants went to different classes/schools. However, baseline adolescent and family demographic characteristics (including age, gender, ever smoking, ever drinking, history of suicide, father's education and occupation, and family economic status) were similar between participants who were resurveyed and those who were expected to be resurveyed.
Suicidal behavior at 1 year follow-up
Among 7072 participants who were resurveyed, 5451 (77.1%) did not report a history of suicidal behavior and 1621 (22.9%) had a history of suicidal behavior at baseline. Among the 7072 participants, 750 (10.6%) reported having any suicidal behavior (ST, SP, or SA) at 1 year follow-up. The overall rates of ST, SP, and SA at 1 year follow-up were 10.0% (n = 707), 3.6% (n = 258), and 2.7% (n = 190), respectively. Out of the 5451 participants without a history of suicidal behavior at baseline, 348 (6.4%) reported having any suicidal behavior at 1 year follow-up. The incidence rates of ST, SP, and SA at 1 year follow-up were 6.0% (n = 327), 2.1% (n = 114), and 1.6% (n = 86), respectively. Table 1 presents baseline adolescent and family characteristics of participants with and without suicidal behavior at 1 year follow-up. Compared with nonsuicidal adolescents, suicidal adolescents scored significantly higher on anxiety/depression, hopelessness, and impulsiveness and were more likely to report having a history of cigarette smoking and alcohol drinking. Insomnia symptoms were more prevalent in suicidal adolescents than in nonsuicidal adolescents. In terms of family factors, fathers in nonsuicidal adolescents were more likely to be farmers. Other factors did not significantly differ between suicidal and nonsuicidal adolescents.
Baseline sample characteristics by incident suicidal behaviors
Associations between baseline sample characteristics and daytime sleepiness
The mean CADSS score was 14.95 (SD = 6.89) in the sample. Table 2 shows bivariate correlations between baseline adolescent and family variables and daytime sleepiness. All variables except for family history of suicide and father's occupation were significantly correlated with daytime sleepiness. Daytime sleepiness was moderately correlated with age (r = .44), anxiety/ depression (r = .32), impulsiveness (r = .39), and nighttime sleep duration (r = −.42) (all p's < .001).
Associations between daytime sleepiness at baseline and subsequent suicidal behaviors
As shown in Figure 1 , the incidence rates of any suicidal behavior, ST, SP, and SA at 1 year follow-up all increased with elevated daytime sleepiness score at baseline. For example, the incidence rate of any suicidal behavior was 8.9% in adolescents who scored in the top quartile of daytime sleepiness, when compared with 5.0% in those adolescents who scored in the lowest quartile (χ 2 = 16.74, p = .001). Table 3 presents unadjusted (Model 1) and adjusted odds (Models 2 and 3) of any suicidal behavior, ST, SP, and SA associated with baseline daytime sleepiness. As shown in Table 3 , there was a dose-response relationship between baseline daytime sleepiness and odds of incident suicidal behaviors at 1 year follow-up (i.e. the higher the daytime sleepiness score, the higher the likelihood of incident suicidal behaviors). For example, the odds ratios of any suicidal behavior increased from 1.14 in adolescents who scored on daytime sleepiness in the 2nd quartile to 1.74 . The odds ratio for SA was not statistically significant possibly due to a low incidence rate (1.6%).
As shown in Table 3 , anxiety/depression was significantly associated with increased risk of incident suicidal behaviors. Insomnia, nighttime sleep duration, and snoring were all not significantly associated with any suicidal behaviors. Stratified logistic regression by gender and interaction analysis did not find significant interaction of daytime sleepiness at baseline by gender on incident suicidal behaviors. No interactions were observed between daytime sleepiness at baseline and insomnia or between daytime sleepiness and snoring for incident suicidal behaviors.
Sensitivity analyses using all adolescents who were resurveyed demonstrated similar associations between daytime sleepiness at baseline and suicidal behaviors at 1 year follow-up. In Model 3, daytime sleepiness score ≥ median at baseline was significantly associated with elevated risk of any suicidal behavior (OR = 1.58, 95% CI = 1.15-2.16), ST (OR = 1.56, 95% CI = 1.13-2.15), SP (OR = 2.30, 95% CI = 1.33-4.00), and SA (OR = 2.38, 95% CI = 1.31-4.34). Similar associations were observed between anxiety/depression and suicidal behaviors. No significant associations were observed between sleep-related variables (i.e. insomnia, nighttime sleep duration, and snoring) and suicidal behaviors. See Table 4 for details.
Discussion
To the best of our knowledge, this is the first study to prospectively examine the associations between daytime sleepiness at baseline and subsequent suicidal behaviors in a large sample of adolescents. Our major findings are (1) the incidence rates of any suicidal behavior, ST, and SP at 1 year follow-up all significantly increased with elevated CADSS daytime sleepiness score at baseline; (2) CADSS daytime sleepiness score ≥ median at baseline was significantly associated with elevated risk of ST (OR = 1.55) and SP (OR = 2.60), after adjusting for adolescent and family demographics and mental health problems (i.e. anxiety/depression, hopelessness, and impulsiveness); (3) the associations of daytime sleepiness at baseline and incident suicidal behaviors had minor changes after further adjusting for insomnia, sleep duration, and snoring; and (4) sleep duration, insomnia, and snoring were not significantly associated with incident suicidal behaviors after adjusting for adolescent and family covariates.
Although the mechanism between daytime sleepiness and suicidal behaviors is not yet clear, there are several potential explanations. First, excessive daytime sleepiness has been demonstrated to be associated with poor academic performance, depression, life stress, life dissatisfaction, hopelessness, substance use, and criminal behavior [41, 42] , all of which can increase an individual's risk of suicidal behavior. Second, daytime sleepiness may render adverse cognitive and emotional consequences, such as poor judgment, impaired decision-making, lack of motivation, inattention and affective dysregulation, and increased impulsivity [8, 21] , all of which could diminish an individual's capacity to inhibit STs and attempts. Third, daytime sleepiness may lead to disrupted sleep-wake cycles and circadian misalignment [8] . There is growing evidence demonstrating that irregular sleep patterns and circadian misalignment have negative effects on the control of behavior, emotion, and attention, and can therefore cause a variety of adverse health outcomes, including substance abuse, depression, and accidents [14, 43, 44] , all of which can place an adolescent at a risk of suicidal behavior. Biologically, daytime sleepiness and suicidal behavior may share the same mechanisms, such as reduced concentrations or activities of serotonin and blunted hypothalamic-pituitaryadrenal axis activity [25, 26] . However, as all measures used in the study are self-reported, further studies with objective measures of sleep are needed to examine the predictive effects of daytime sleepiness on suicidal behavior and to examine the potential psychological and biological mechanisms between daytime sleepiness and future suicidal behavior.
Although average sleep duration and prevalence of insomnia symptoms in the current sample were comparable to those in our previous studies of Chinese adolescents [12, 35] , it should be noted that sleep duration and insomnia were not significantly associated with future suicidal behaviors after adjusting for adolescent and family characteristics. These findings are not consistent with some previous cross-sectional and longitudinal studies [17] [18] [19] . One of the explanations may be that more potential confounders, such as hopelessness and impulsiveness, were statistically adjusted in the current study but were not in previous studies [19, 45] . Further research is needed to examine the prospective relationship between insomnia and sleep duration and adolescent suicidal behaviors. This study has several strengths. First, this is a longitudinal study to examine the prospective associations between daytime sleepiness and subsequent suicidal behaviors in a large sample of adolescents. Second, participants are sampled from multiple counties (n = 3) and middle and high schools (n = 8) to be representative of adolescent students in the region. Third, the response rate of 82% is acceptably high and these responders had similar demographical characteristics to all the participants who were expected to be resurveyed. Fourth, daytime sleepiness at baseline was assessed using a standardized measure with satisfactory psychometric properties [30] . Fifth, multiple adolescent and family variables including demographics, anxiety/depression, hopelessness, impulsivity, cigarette smoking, alcohol use, sleep-related variables (i.e. insomnia, sleep duration, and snoring), and family history of suicide were statistically controlled when examining the associations between daytime sleepiness at baseline and subsequent suicidal behaviors.
Despite the strengths of the study, these findings need to be interpreted with considering the following limitations. First, all data were assessed by self-report, which may have led to biased reporting of suicidal behavior, sleep, and daytime sleepiness. However, given that many individuals who have suicidal thought, plan, or attempts may never seek medical Table 3 . Associations between daytime sleepiness at baseline and incident suicidal behaviors at 1 year follow-up in adolescents who had not reported a history of suicidal behaviors at baseline (N = 5451) help or result in hospitalization, self-reported measures remain a valuable source of information about suicidal behaviors [46, 47] . Objective measures of sleep duration, sleep problems, and daytime sleepiness, such as actigraphy, electroencephalography, and the multiple sleep latency test, are desirable, but self-reports remain as the typical method in large-scale epidemiological studies. In addition, objective and subjective assessments of sleep disturbances and daytime sleepiness may reflect different processes and may not be directly related [48] . Second, although multiple adolescent and family factors were statistically controlled, other data such as school factors and medications (e.g. antidepressants) that may affect sleep and suicidal behaviors were not collected and could not be controlled in the study. Third, although this sample is large, it is unknown whether these findings can be generalized to adolescents in other regions. Fourth, participants were followed up for only 1 year. Our continuous follow-ups of the cohort will provide the evidence of long-term impact of daytime sleepiness on future suicidal behaviors. In summary, our longitudinal study of a large community sample of adolescents demonstrated that daytime sleepiness at baseline is an independent predictor of suicidal behaviors. Our findings extended previous studies and provided new insight into the sleep-suicide link beyond sleep disturbance, insomnia, and short sleep duration. Our findings may have important implications for future research of sleep-suicide mechanisms. From clinical and public health perspectives, these findings may be important for screening adolescents at risk of suicidality using a short daytime sleepiness scale. This may be particularly useful because daytime sleepiness in adolescents is very prevalent and is multifactorial [8] and because daytime sleepiness is modifiable by sleep hygiene education and intervention programs such as short daytime napping [49] or delaying school start time [50] . Further research needs to examine the mediators, moderators, 
